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(54) LEVEL SHIRT CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a level shift circuit of reduced signal delay by 
providing first to fourth MOS transistors and fetching an output signal from the fourth 
MOS transistor. 

SOLUTION: Both of pMOS 30 and nMOS 31 are diode-connected and pMOS 34 and 
nMOS 35 constitute an inverter gate 38 inputting the potential Va of the connecting 
point of pMOS 30 and nMOS 31. Then when the W/L ratios (W is a gate width and L 
is a gate length) of pMOS 30 and pMOS 34 are made the same and the W/L ratios of 
pMOS 31 and nMOS 35 are made the samethe neighborhood of the center of a 
potential Va and the threshold value of the inverter gate 38 are nearly coincident so 
that the inverter gate 38 is immediately inverted with the transition of the potential 
Va. Consequentlydelay between CK and Vout is reduced to apply a thin film transistor 
using the polycrystalline silicon thin film to nMOS 31 and nMOS 35for instancewithout 
any problem. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st MOS transistor of one conductivity type which connected sauce to 
a power supply terminal and carried out a gate and a drain in commonConnected 
sauce to the 1st input signal terminaland connected a gate and a drain to a drain of 



said 1st MOS transistorand also The 2nd MOS transistor of a conductivity typeThe 
3rd MOS transistor of one conductivity type which connected sauce to said power 
supply terminaland connected a gate to a gate of said 1st MOS transistorConnected 
sauce to the 2nd input signal terminalConnected a gate to a gate of said 2nd MOS 
transistorand connected a drain to a drain of said 3rd MOS transistorand also The 4th 
MOS transistor of a conductivity typeA preparationa level shift circuit taking out an 
output signal from a drain of said 4th MOS transistor. 

[Claim 2]The 1st MOS transistor of one conductivity type which connected sauce to 
the 1st power supply terminaland connected a gate to the 2nd power supply 
terminalConnected sauce to the 1st input signal terminaland connected a gate and a 
drain to a drain of said 1st MOS transistorand also The 2nd MOS transistor of a 
conductivity typeThe 3rd MOS transistor of one conductivity type which connected 
sauce to said 1st power supply terminaland connected a gate to said 2nd power 
supply terminalConnected sauce to the 2nd input signal terminalconnected a gate to a 
gate of said 2nd MOS transistorand connected a drain to a drain of said 3rd MOS 
transistorand also The 4th MOS transistor of a conductivity typeA preparationa level 
shift circuit taking out an output signal from a drain of said 4th MOS transistor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the level shift circuit used for a liquid 

crystal display (LCD). 

[0002] 

[Explanation of a background] From the situation where the demand of display quality 
or power consumption to LCD is increasing severity increasingly in recent yearsin the 
case of a TN liquid crystalsupply the picture signal of 10V pp to a data busandfor 
example. Although a flicker etc. are controlled and improvement in display quality is 
aimed at by adopting what is called the common fixed driving method for fixing the 
potential of a counterelectrode (it may be called a common electrode or a common 
electrode) to the intermediate potentialand performing the amphipathy drive of 
**5VSince the control signal and power supply voltage more than 10V pp are needed 
at least in order to process the picture signal of 10V pp in the driver circuit by the 
side of datathere is a fault that power consumption increases. Thenin order to lessen 
the leading-about portion of the control signal of high tensionmaking the control signal 
of necessary high tension from the control signal of the low voltage is performed by 
the level shift circuit. 
[0003] 

[Description of the Prior Art] Drawing 4 and drawing 5 are two lineblock diagrams of 



the conventional level shift circuitCK is a driving signal (CKx is an inversion signal of 
CK) of the low voltageand Vout is a driving signal (Voutx is an inversion signal of 
Vout) of high tension. Although not limited in particularin the following explanationset 
voltage of CK to OV - +5Vand voltage of Vout is set to OV - +15Vand a p type MOS 
transistor will be abbreviated to "pMOS"and a n type MOS transistor will be 
abbreviated to "nMOS." 

[0004]The level shift circuit of drawing 4 between the power supply Vcc (+15V) 
equivalent to the highest potential of Voutand the power supply Vss (OV) equivalent 
to the lowest potential of VoutConnect pMOS1 and nMOS2 in seriesand pMOS3 and 
nMOS4 are connected in seriesThe gate of pMOS1 is connected to the output node 5 
(intermediate node of pMOS3 and nMOS4)it connects with the output node 6 
(intermediate node of pMOS1 and nMOS2)and the gate of pMOS3 is constituted. 
[0005]The current mirror circuit 12 constituted from pMOSIO and pMOS11 is used 
for the level shift circuit of drawing 5 as load of nMOS13 and nMOS14and it. CK is 
given to the gate of nMOS13and the sauce of nMOS14and CKx is given to the gate of 
nMOS14and the sauce of nMOS13and Vout is taken out from the drain of nMOS14. 
[0006]Although one side of nMOS2 ( drawing 5 numerals 13) and nMOS4 ( drawing 5 
numerals 14) carries out turn-on and another side carries out a turn-off in such 
composition at the time of transition of CK (at the time of the transition to +5V from 
OVor this reverse transition)The timing of these turn-on and a turn-off needs to be in 
agreement as much as possible. For exampleafter nMOS2 ( drawing 5 numerals 13) 
carries out turn-onit is because the slight unwilling delay which corresponds between 
CK and Vout at the time td when it is [ time td ] behind and nMOS4 ( drawing 5 
numerals 14) carries out a turn-off is produced. 
[0007] 

[Problem(s) to be Solved by the Invention]The above-mentioned delay tends to 
become large when the thin film transistor which uses the silicon thin film of Pori for 
nMOS2 (**5**_is the numerals 13) and nMOS4 ( drawing 5 numerals 14)for example is 
applied. This kind of transistor is because it is difficult to control a threshold by the 
low voltage uniformly. 

[0008]Thenthis invention aims at offer of a level shift circuit with little signal delay. 
[0009] 

[Means for Solving the Problem]The 1st MOS transistor of one conductivity type 
which the invention according to claim 1 connected sauce to a power supply 
terminaland carried out a gate and a drain in commonConnected sauce to the 1st 
input signal terminaland connected a gate and a drain to a drain of said 1st MOS 
transistorand also The 2nd MOS transistor of a conductivity typeThe 3rd MOS 
transistor of one conductivity type which connected sauce to said power supply 
terminaland connected a gate to a gate of said 1st MOS transistorConnected sauce 
to the 2nd input signal terminalconnected a gate to a gate of said 2nd MOS 
transistorand connected a drain to a drain of said 3rd MOS transistorand also The 4th 



MOS transistor of a conductivity typeAn output signal was taken out from a drain of a 
preparation and said 4th MOS transistor. 

[0010]The 1st MOS transistor of one conductivity type which the invention according 
to claim 2 connected sauce to the 1st power supply terminaland connected a gate to 
the 2nd power supply terminalConnected sauce to the 1st input signal terminaland 
connected a gate and a drain to a drain of said 1st MOS transistorand also The 2nd 
MOS transistor of a conductivity typeThe 3rd MOS transistor of one conductivity 
type which connected sauce to said 1st power supply terminaland connected a gate 
to said 2nd power supply terminalConnected sauce to the 2nd input signal 
terminalconnected a gate to a gate of said 2nd MOS transistorand connected a drain 
to a drain of said 3rd MOS transistorand also The 4th MOS transistor of a 
conductivity typeAn output signal was taken out from a drain of a preparation and 
said 4th MOS transistor. 

[001 1]In an invention of claim 1 (or claim 2) statement. Although the partial pressure 
of the potential difference between a power supply terminal (or the 1st power supply 
terminal) and the 1st input signal terminal is carried out by the 1st MOS transistor 
and the 2nd MOS transistor and the 3rd MOS transistor and the 4th MOS transistor 
turn on and off according to this partial pressure voltagelf a size ratio of the 1st MOS 
transistor and the 2nd MOS transistor is abbreviated-coincided with a size ratio of 
the 3rd MOS transistor and the 4th MOS transistorSaid partial pressure voltage will 
operate near the threshold of the 3rd MOS transistor and the 4th MOS transistorcan 
accelerate ON and OFF of the 3rd MOS transistor and the 4th MOS transistorand 
signal delay can be lessened. 
[0012] 

[Embodiment of the Invention]Hereafterthe example of this invention is described 
based on a drawing. Drawing 1 and drawing 2 are the figures showing the 1 st example 
of the level shift circuit concerning this invention. 30 in drawing 1 pMOS as the 1st 
MOS transistor of one conductivity type31 is nMOS as the 2nd MOS transistor of 
other conductivity typesThe sauce of pMOS30 was connected to the power supply 
terminal 32 of Vcc1 (+15V) businessthe gate and drain of pMOS30 were connected to 
the drain and gate of nMOS31and the sauce of nMOS31 is further connected to the 
1st input signal terminal 33 for CK. 

[0013]34 pMOS as the 3rd MOS transistor of one conductivity type35 is nMOS as the 
4th MOS transistor of other conductivity typesThe sauce of pMOS34 is connected to 
the power supply terminal 36 of Vcc2 (+15V) businessThe gate of pMOS34 was 
connected to the gate of pMOS30the drain of pMOS34 was connected to the drain of 
nMOS35connect with the gate of pMOS30and the gate of nMOS35 is constitutedand 
Vout is taken out from the drain of nMOS35. 

[0014]When constituted in this wayeach of pMOS30 and nMOS31 becomes diode 
connectionand pMOS34 and nMOS35 will constitute the inverter gate 38 which 
considers potential (for convenience Va) of the node of pMOS30 and nMOS31 as an 



input. Drawing 2 is each part wave form chart of drawing 1 . this example of a 
waveform — Va — +5V period of CK — about+1 1 V and Oof CK V period — about — 
it is +7V. That isVa has the variation width from about+7V to about+1 1 V. 
[001 5]Make the same the W/L ratio (W is gate width and L is gate length) of pMOS30 
and pMOS34and here. If the W/L ratio of nMOS31 and nMOS35 is made the samenear 
the center of the variation width of Va and threshold VT of the inverter gate 38 can 
be abbreviated-coincidedThe inverter gate 38 can be promptly reversed with 
transition of Va (one side of pMOS34 and nMOS35 carries out turn-onand another 
side is a turn-off). 

[001 6]Thereforethe thin film transistor which lessened delay between CK and Voutfor 
exampleuses the silicon thin film of Pori for nMOS31 and nMOS35 can be applied now 
convenient. The conductivity type of each transistor (pMOS30pMOS34nMOS31ahd 
nMOS35) of the above-mentioned example can also be replaced. In this caseif 
referred to as Vcc1=Vcc2=-10Vthe amplitude (refer to the dashed line of drawing 2 ) 

of Va will be set to +1 V 3Vand the amplitude (refer to the dashed line of drawing 

2) of Vout will be set to +5V - -10V. 

[0017]Either CK or CKx can also be made into the constant potential of an external 
input. For examplewhen CKx is made into constant potentialthe amplitude of the 
voltage between gate sauce of nMOS35 becomes smallSince the terminal 37 of CKx 
can be shared in each circuit when two or more level shift circuits are provided on 
the same substrate although the tolerance level of a threshold of operation becomes 
narrowthe merit that a terminal number required for a drive can be reduced and 
power-saving can be attained is obtained. 

[001 8] Drawing 3 is a figure showing the 2nd example of the level shift circuit 
concerning this invention. In drawing 3 40 is pMOS which connected sauce to the 1st 
power supply terminal 42 of Vcc1 (+15V) businessand connected the gate to the 2nd 
power supply terminal 43 of Vcc3 (+8V) businessand this pMOS40 is equivalent to the 
1st MOS transistor of one conductivity type. 41 is nMOS which connected sauce to 
the 1st input signal terminal 44 for CKand connected the drain and the gate to the 
drain of said pMOS40and this nMOS41 is equivalent to the 2nd MOS transistor of 
other conductivity types. 45 is pMOS which connected sauce to the 3rd power supply 
terminal 47 (as common as the 1st power supply terminal 42 when Vcc1=Vcc2) of 
Vcc2 (+1 5V) businessand connected the gate to the 2nd power supply terminal 45and 
this pMOS45 is equivalent to the 3rd MOS transistor of one conductivity type. 46 
connects sauce to the 2nd input signal terminal 48 for CKxand connects a gate to the 
gate of nMOS41 A drain is connected to the drain of pMOS45and it is nMOS which 
took out Vout from the drainand this nMOS46 is equivalent to the 4th MOS transistor 
of other conductivity types. 

[001 9]If constituted in this waypMOS40 and pMOS45 will become a constant current 
source controlled by Vcc3and nMOS41 will become diode connection. Thereforethe 
drain potential of nMOS41 turns into the potential Vb which carried out the partial 



pressure of the potential difference of Vcc1 and CK by pMOS40 and nMOS41 Since 
nMOS46 is promptly turned on and off according to this Vbdelay between CK and 
Vout is lessened like the 1st exampleFor examplethe thin film transistor which uses 
the silicon thin film of Pori for nMOS41 and nMOS46 can be applied convenientand 
also there is a merit that it can respond also to the variation in the threshold of 
pMOS40 and pMOS45 flexiblyby adjusting Vcc3. 

[0020]Also in this examplethe conductivity type of each transistor can be replaced 
and either CK or CKx can also be made into the constant potential of an external 
input. 
[0021] 

[Effect of the Invention]According to the invention according to claim 1 or 20N and 
OFF of the 3rd MOS transistor and the 4th MOS transistor can be acceleratedand 
signal delay can be lessenedFor examplethe thin film transistor which uses the silicon 
thin film of Pori for these transistors can be applied now convenient. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a lineblock diagram of the 1st example. 

[Drawing 2] It is a wave form chart of the 1st example. 

[Drawing 3] It is a lineblock diagram of the 2nd example. 

[Drawing 4] lt is a lineblock diagram of a conventional example. 

[Drawing 5] They are other lineblock diagrams of a conventional example. 

[Description of Notations] 

Vout: Output signal 

30: pMOS (the 1st MOS transistor) 

31: nMOS (the 2nd MOS transistor) 

3236: Power supply terminal 

33: The 1st input signal terminal 

34: pMOS (the 3rd MOS transistor) 

35: nMOS (the 4th MOS transistor) 

37: The 2nd input signal terminal 

40: pMOS (the 1st MOS transistor) 

41: nMOS (the 2nd MOS transistor) 

42: The 1st power supply terminal 

43: The 2nd power supply terminal 

45: pMOS (the 3rd MOS transistor) 

46: nMOS (the 4th MOS transistor) 

47: The 3rd power supply terminal (the 1st power supply terminal) 
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